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Age-adjusted Percentage of U.S. Adults Who Were Obese
or Who Had Diagnosed Diabetes

Obesity (BMI 230 ka/m?)
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Obesity increases risk of:

Coronary heart disease

Type 2 diabetes

Cancers (endometrial, breast, and colon)

Hypertension (high blood pressure)

Dyslipidemia (for example, high total cholesterol or high
levels of triglycerides)

Stroke

Liver and Gallbladder disease

Sleep apnea and respiratory problems

Osteoarthritis (a degeneration of cartilage and its
underlying bone within a joint)

Gynecological problems (abnormal menses, infertility)



Whole Body Metabolism
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Islets of Langerhans

Mature Reviews | Cancer

Bardeesy, N and RA DePinho. Nature Reviews Cancer, 2:897-990, 2002.




The Pancreatic 5-cell
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Mitochondria
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History of Mitochondria

bacteria ~ 2 billion years ago in symbiosis.

Structure, energy, and information.
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Mitochondrial DNA

37 genes =
13 subunits
of OXPHOS
+ 22 tRNA +
2 TRNA.

~2-10
mtDNA
copies per
mitochondria
and 100’s of
mitochondria
per cell.
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mtDNA mutations

Mutations — aging, mitochondrial dysfunction, diseases,
cell death, etc.

Mutation rate is 1-2 orders of magnitude higher than
nuclear mutation rate.

No recombination, so this high mutation rate 1s important in
keeping mitochondria diverse, 1.e., it is the adaptive engine.



Reactive Oxygen Species (ROS)

proton cycling coupled to ATP synthesis futile/uncoupled proton cycling
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The Model

Develop a mathematical model of respiration, ATP
synthesis, and ROS production in response to glucose and
fatty acid stimulation.

R Bohnensack, J Bioenerg Biomembr, 14:45-61, 1982.
D Pietrobon and SR Caplan, Biochem, 24:5764-5778, 1985.

G Magnus and J Keizer, Am J Physiol, 273:C717-C733,
1997, 274:C1158-C1173 and C1174-1184, 1998.

e S Cortassa et al., Biophys J, 84:2734-2755, 2003.
e R Bertram et al., J] Theor Biol, 243:575-586, 2006.

S Salinari et al., Am J Physiol Endocrinol Metab, 293:E396-
E409, 2007.



The Model
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The Mitochondria




Glucose Input
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Fatty Acid (Palmitate) Input
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Calcium Uniporter
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Sodium/Calcium Exchanger
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NADH and FADH, Production from Glucose
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NADH and FADH: Production from Fatty Acids
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Electron Transport Chain (ETC)
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NADH Oxidation
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FADH, Oxidation
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ROS Production from NADH Oxidation
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ROS Production from FADH, Oxidation

FADHM(1 1 )

JROSp,F = P19 FAD,. " 1+ e(A¥—p20)/par

JHros,F = DP23D22

FADH,,, . 1
FAD,, " 1 4 e(A%—pao)/par

§au,
[ |

ATP ucpr2__
lsynthase “ =

sl a7

AV = 130mV

2.5

E 0.5 1 1.5 2
FADH2 0 concentration [mM]

FADH;,, = 1.5mM

Brownlee, J Clin Invest, 112:1788-1790, 2003.




ATP Synthesis
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Uncoupling Proteins (UCP)
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So we've added:

H+ Ht H+




Additional ATP Production
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The Adenine Nucleotide Translocator
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Scavenging Enzymes
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Conserved Quantities
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The Complete Model
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Non-Ohmic Proton Leak
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Control Coefficients
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UCP decay and 1nactivation
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Fatty Acid Input
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Uncoupling Protein 2: A Possible Link Between Fatty
Acid Excess and Impaired Glucose-Induced Insulin
Secretion?

Nathalie Lameloise,' Patrick Muzzin," Marc Prentki,>® and Francoise Assimacopoulos-Jeannet'

The mechanism by which long-term exposure of the
R-cell to elevated concentrations of fattv acid alters

Exposure of INS-1 (3-cells to 0.4 mmol/l oleate for 72 h
increased basal insulin secretion and decreased insulin
release in response to high glucose, but not in response
to agents acting at the level of the K,p channel (tolbu-
tamide) or beyond (elevated KCl1). This also suppressed
the glucose-induced increase in the cellular ATP-to-ADP
ratio. The depolarization of the plasma membrane pro-

drial membrane potential and a decreased glucose-in-
duced hyperpolarization. The possible implication of
uncoupling protein (UCP)-2 in the altered secretory
response was examined by measuring UCP2 gene ex-
pression after chronic exposure of the cells to fatty
acids. UCP2 mRNA and protein were increased twofold

not require their metabolism. The data are compatible
with a role of UCP2 and partial mitochondrial uncou-
pling in the decreased secretory response to glucose
observed after chronic exposure of the f3-cell to ele-
vated fatty acids, and suggest that the expression and/or
activity of the protein may modulate insulin secretion in
response to glucose. Diabetes 50:803-809, 2001
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SE, [uM]

Mitochondrial Biogenesis?
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A Clinical Application

e C-peptide is secreted with insulin. Glucose
e The liver extracts insulin from the portal vein. "]
e C-peptide is not removed by the liver. g jm
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Insulin Secretion Model
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Conclusions

The model we developed is capable of predicting
mitochondrial responses to nutrient inputs (glucose and fatty
acids).

In the pancreatic 3-cell, mitochondria (ROS, UCP,
antioxidants) play a central role in cellular function (or
dysfunction) as it relates to insulin secretion.

The model can be generalized to mitochondria in other tissues.

Mitochondria serve a systemic function: one that can suggest
holistic metabolic therapies.






Obesity Trends* Among U.S. Adults
BRFSS, 1990, 1998, 2007

(*BMI =30, or about 30 Ibs. overweight for 5'4” person)
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